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INVESTIGATION OF MARK 18 TORPEDO FAILURES

By:
Richard H. Stresau
L. E. Starr

Approved by: _____________

Russell McGill, Chief
Explosives Properties Division

ABSTRACT: In tests of complete Mk i torpedoes in Hawaii, low order
action was observed in four out of fifteen trials. The torpedoes were
fitted with Mk 8 Mod 7 exploder mechanisms, Mk 2 Mod 0 boosters, and
Mk 8 Mod 3 detonators. AlthoW3h sand tests seemed to indicate that the
detonators were satisfactory, the mercury fulminate base charges of the
Mk 8 Mod 3 detonators were suspected sources of the difficulty. In
simulated explosive train tests, with Mk 8 Mod 3 detonators and Mk 2
Mod 0 boosters initiating three pound charges of HBX, low order action
was observed in 13 of 31 trials. All trials with other types of deto-
nators including the Mk 8 Mod 4 detonator, which has a lead azide base
charge and the XE12A detonator which contains lead azide and PETN to a
total of one fifteenth of the charge in the Mk 8 detonator, resulted in
high order detonation of the HBX.

Mk 8 Mod 3 detonators from the same shipment gave high and reproducible
sand test results. In static warhead tests at the Naval Proving Ground,
Dahlgren, Virginia, charges with Mk 8 Mod 3 detonators showed low order
action in two out of nine trials, while those with 1k 8 Mod 4 detonators
detonated high order ten times in ten trials.

Two of the recovered warheads from the Hawaiian tests detonated high
order from the action of Mk 2 Mod 0 boosters and Mk 9 Mod 4 (lead
azide) detonators.

It is concluded that the mercury fulminate base charges were the most
probable cause of the failures and that the sand test is an unsatisfactory
criterion of detonator output.

Explosives Research Department
U. S. NAVAL ORDNANEE LABORATORY

Whito Oak, Maryland
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The information presented in this report is based uon experimental
work performed by the Submarine Group, Pearl Harbor; Ordnance Explosive
Disposal Unit One; Naval Ammunition Deport, West Loch, Pearl Harbor;
the Naval Proving Ground, Dabigren, Virginia; and the Explosive Properties
Division, Naval Ordnance Laboratory, White Oak, Maryland, and is believed
to be of interest to all designers, procuring agencies, and users of
ordnance in which mercury fulminate detonators are still used, as yell
as to those concerned with evaluation of detonator output. The investi-
gation whose results are reported herein was authorized by task
assigments Re2c-3-i-53 and C2c-3-i-54.

Important contributions to this work were made by Mr. L. D. Hampton and
Mr. Theodore Bly of the Explosives Properties Division, Mr. Philipchuk
and Lt. Hughes of the Naval Proving Ground, and Lt. Brookes of Ordnane
Explosive Unit One. The wholehearted cooperation of all uibers of the
organizations named above as well as Dr. W. Land, Mr. C. Lovenberg and
Lt. Cmdr. Gottfried as well as others at the Bureau of Ordnance with
whom the authors had contacts, did much to expedite the work.

The data and conclusion presented herein have already formed the basis for
action so that the present report is intended mainly for record and
information purposes.

EDWARD L. WOODYARD
Captain, IWBN
CcmwuAner
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INVESTIGATION OF MARK 18 TORPEDO FAILURES

INTRODUCTION

1. It has been custcmary for submarines to make occasional checks of
torpedo functioning by firing at cliffs. Recent failures of Mk 18
torpedoes in Hawaii caused enough concern to result in carefully
controlled tests of this kind in which unexploded torpedoes were
recovered. In preparation for these experiments, reference (a), the
exploders, 1k 8 Mod 7, were carefully inspected and tested by specialists
from Naval Underwater Ordnance Station, Newport, Rhode Island. In
fifteen trials eleven torpedoes functioned satisfactorily and four
functioned in a manner which was described as low order.

2. The warheads in which the low order functioning occurred are briefly
described as follows: (See Figure 1)

3. Both detonators and boosters were apparently consumed except in one
case where a small quantity of tetryl remained in the booster ciT. The
bulkhead at the back of the warhead case was blown clear and a roughly
conical segment of the charge was blown out. The HBX from this segment
was broken in small pieces but there was no evidence that any had
exploded or burned. The exploder sustained relatively little damage.

i. Several explanations of these failures were advanced, including:

(1) Insensitive HM - It was noted that the chunks of HBX which were
recovered could be readily extinguished when burning.

(2) Partial retraction of the detonator from the booster due to the
action of target impact. Examination of the unexploded warheads showed
that each had struck from a quarter which could cause such retraction.

(3) Poorly loaded or deteriorated boosters - Densities of boosters
were lower than is usual Navy practice.

(4) Detonator malfunctioning due to deterioration of the mercuric

fulminate base charge.

(5) Detonator malfunctioning due to deterioration of the primer.

(6) Losses of explosive force due to the non-central location of
the booster.

1
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FIG. 1 RECOVERED WARHEAD WHICH HAD FUNCTIONED
"LOW ORDER" IN HAWAIIAN TESTS
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5. With respect to the first explanation it might be pointed out that
flammability bears no direct relationship to detonability and that the
ease with which it can be extinguished is a characteristic of HBX as
well as other high explosives. However, the possibility still existed
that the HBX in these warheads was less reactive than normal. A test
described herein deals with this possibility.

6. As to the second possibility mentioned, a considerable relative
motion of the exploder with respect to the warhead has been shown to
be mechanically possible. No experiments are necessary to demonstrate
that sufficient separation between detonator and booster can cause
failure.

7. The present report deals mainly with some experiments which were
designed to determine the relative probability of failure due to the
third, fourth, and fifth of the proposed causes.

8. Against the fourth and fifth hypotheses, it was suggested that the
apparently nearly complete consumption of the booster explosives was
evidence that it had been initiated. However, tetryl can burn as well
as detonate.

9. The successful use of much less centrally located boosters in other
ordnance can be pointed out in answer to the sixth suggestion.

The Action of Ignited Tetryl

10. A question which was raised frequently in discussing the subject
malfunctioning went:

"Suppose that the detonator explodes vigorously enough to rupture
the inner wall of the booster and ignite the tetryl, but too feebly to
detonate it. How would the tetryl act?"

11. A few shots were fired for the purpose of obtaining an idea regarding
the answer to this question. In each of these experiments umpressed
tetryl was ignited by means of a charge of black powder, a material which
has never been definitely known to detonate. The tetryl was confined in
a pipe nipple with caps screwed on each end, Figure 2, confined in a
paint can, Figure 3, and confined in a paint can where the cover was
soldered in place.

3
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12. When confined in the paint cans, the tetryl only reacted vigorously
enough to open the can. Under the higher confinement of the pipe nipple,
however, the action was much more violent than that which would result
from a pressure sufficient to merely burst the pipe. The pipe was broken
into fragments about the size of a quarter and the dent produced in a
steel plate upon which the. assembly rested was of the order of magnitude
of that which the detonation of an equivalent quantity of tetryl might
produce.

13. The confinement afforded the booster in the warhead is somewhere
between that of the paint cans and that of the pipe nipple. The action
of the tetryl in the warheads which functioned low order was also some-
where midway between that in the pipe and that in the paint can.

14. As a result of these experiments, the possibility that the mal-
functioning of the warheads was due to feeble detonator action was
established.

TESTS WITH SIMULATED WARHEAD EXPLO6IVE SYSTEMS

Experimental Procedure

15. As stated above, the tests at Hawaii resulted in four failures in
fifteen trials. In order to obtain significant indication of any
improvement in a reliability of this order of magnitude, at least eight
or ten shots must be fired with each new set of conditions. Since
several possible sources of failure were suggested, forty or fifty shots
would probably be the minimum necessary. To fire this many full size
warheads for such purposes would be extravagant of both time and money.
The arrangement shown in Figures 4 and 5 was devised as a reasonable
facsimile of a fully loaded warhead so far as factors affecting initiation
are concerned. The distortion of the steel plate was used as a criterion
of detonation, Figure 6. In all of these tests, only the detonator was
varied.

16. It was at first supposed that the detonators used in the tests in
Hawaii had, at some previous time, been subjected to unusual storage
conditions. This supposition was founded, in part, upon the high and
consistent sand test results which had been obtained by quality Control.
Laboratories, reference (b), with Mk 8 Mod 3 detonators of the same lot
as those used in the Hawaiian tests. For this reason the original
intention was to artificially age some detonators from the same lot by

5
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heating them to 150 0C, until they began to give results similar to
those obtained in the Hawaiian tests. In view of the urgency of the
task, this aging process was started before preparations were cumplete
for the simulated warhead tests. Consequently, when the simulated
warhead tests showed that even the detonators as received fron the
magazines included a substantial percentage which initiated low order,
practically all of the first shipment of detonators had either been
aged or fired. Another shipment was requested imediately.

17. Further experiments were run with Mk 8 Mod 3 detonators from the
second shipment and with Mk 8 Mod 4 and other detonators constructed at
the Naval Ordnance Laboratory, Figures 7, 8, 9, and 10.

Results and Discussions

18. Table I lists the various detonators which were used, the figure
numbers, and the results obtained.

TABLE I

Detonator Figure Trials High Order Low Order

Mk 8 Mod 3
Artificially Aged 7 8 4 4
As Received 7 14 8 6
With Mk 126 Primer 7 9 6 3
Total 31 18 13

Mk 8 Mod 4
As Received 8 7 7 0
With Winchester #3
Primers 8 9 9 0
Total 16 16 0

Special Lead Azide 9 5 5 0
Total Lead Azide 21 21 0

Special Mercury Fulminate 9 6 6 0
XE-12A 10 8 8 0

Total 66 53 13
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19. It will be noted that of the total of 66 trials all 13 low order
actions occurred when Mk 8 $od 3 base charges were used. The probability
of this occurring as the result of chance distribution of systems prone
to failure for a reason other than detonator trouble, such as faulty
boosters, for example, is only one in 20,000. The fact that 8 high
order detonations occurred in 8 trials with the XE-12A detonators,
Figure 10, which contain only about one fifteenth as much explosive as
the Mk 8 detonators is an indication that the low orders were caused by
a difference in kind of reaction of the detonator rather than merely a
difference in degree.

20. It will be noted that the use of the new Mk 126 primer resulted in
no significant improvement when the Mk 8 Mod 3 base charge was used and
that the Mk 8 Mod 4 base charge gave nine high orders in nine trials
when used with the old Winchester #3 primers. It would appear that the
primers are not involved in failures of this type. This is not to say
that the change in primers is unnecessary, but it is believed that primer
failure would result in no action of the base charge rather than in
low order action.

21. The results obtained with the mercuric fulminate when initiated by
the electric initiators, Figure 9, would seem to contradict the opinion
stated above. However, the electric initiators used contained 25 mg
of lead azide which is ample to establish detonation in this material.
It would seem that one of the first results of deterioration of mercuric
fulminate is the reduction in its tendancy to make the transition from
burning to detonation. It is known that very small changes in loading
density can have large effects upon this tendancy. The considerable
effect of a small amount of dextrin in lead azide is an indication that
impurities can also have a serious effect. The inescapable conclusion
of these tests is that the major source of the low order action observed
in these and the Hawaiian tests is the mercuric fulminate base charge
in the Mk 8 Mod 3 detonator.

22. Sand tests of Mk 8 Mod 3 and. Mk 8 Mod 4 detonators were mEAe using
the Test Set Mk 151, Mod 0, Figure 11. The results are given in Table II.

COWPID11IAL
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TABLE II

RESULTS OF STANDARD SAD TEST AS PER REF(c)

Detonator Figure No. Trials Sand Crushed (gas)

M4k 8 Mod 3
Aged 7 6 184 - 208
As Received 7 2 195 -202

Special Lead Azide 9 2 138 - 153
Special Mercury Fulminate 9 2 173 - 174

23. It will be noted that the results obtained with the Mk 8 Mod 3
detonator and the special fulminate detonator are consistently higher
than those obtained with lead azide and quite reproducible.

24. One possible explanation for the good sand test results for
detonators from the same group which produced low order detonation was
that the sand afforded better confinement than the outer casing of the
detonator which has four holes in the perifery and allows 1/16"1 or more
clearance at the bottom in some instances. To check this possibility
a series of sand tests was run with the detonators in their housings
and with Scotch tape over the holes to prevent the sand from filing
th4m and improving thi confinement, Figure 12. The results of these
tests are given in Table III.

TABLE III

RESULTS OF MODIFIED~ SAND TESTS WITH DEONATORS IN HOLD)ERS

Detonator Figure No. Trials Sand Crushed (gins)

Mk 8 Mod 3
As Received 6 5 191 - 205
Aged 6 * .87-199

Mk 8 Mod 4 11 _5 153 - 164
*The sand test data are given for the fifteen detonators out of a group
of eighteen which fired. The primers of the other three failed and no
explosive action was observed.
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Apparently the sand test measures a property other than which is

important in initiating detonation.

FULL SCALE WARHEAD TESTS

25. A group of exploders, Mk 8 Mod 7, were modified as shown in
Figure 13, and in more detail in reference (d), for use by the Naval
Proving Ground, Dahlgren, Virginia, in fully loaded warheads. The
modifications made it possible to arm and fire the exploders by means
of water conducted to the mechanism by a hose. The water was pumped
by means of a fire engiuie through about 1,000 feet of fire hose and
50 feet of garden hose. The garden hose was used for the last 50 feet
because it was considered to be more expendible. The warheads were set
up as shown in Figures 14 and 15 so that in case of a failure, the
exploder could be removed from a distance by pulling the rope.

26. The pressure drop in the garden hose was such that only five of
the ten exploder mechanisms would operate satisfactorily. Some of the
mechanisms were so stiff that it is doubted that they would work in
service.

27. After adjusting and lubricating the exploders and installing the
nozzles shown in dotted lines on Figure 13, four of the remaining five
exploders were made to operate satisfactorily.

28. In the full scale tests at Dahlgren, reference (e), Mk 8 Mod 3
detonators as received from NMD, Yorktown, were used on nine trials.
Of these, seven warheads detonated high order and two fired low order.
The damage to the warheads by the low order action, Figure 16, was
almost precisely the same as that reported in the Hawaiian tests, and
described in the introduction to this report. Figures 17 through 22
show results of low order action from other aspects.

29. Tests of the same kind using Mk 8 Mod 4 detonators gave ten high
order detonations in ten trials. See reference (f).

30. Two of the recovered warheads which had failed in the tests described
in the introduction to this report were successfully detonated in Oahu,
T.H. These warheads were initiated by means of Mk 2 boosters drawn from
stock which were inserted in what remained of the booster wells and
tamped with wet mortar. The boosters, in turn were initiated by means
of Mk 9 Mod 4 detonators, the electrical analog of the Mk 8 Mod 4.

18
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FIG. 16 ROUND NO. 4 OF MK 18 TORPEDO TEST. BASE END OF TORPEDO
WARHTEAD AFTER PARTIAL DETONATION.
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FIG. 15 TORPEDO IC'l 18, EXPLODER IIA 8-7 ASSE14BLED WITH liKM 8 MAOD3
DETONATOR, AND IAK 2 BOOSTER

SECURITY
INFORMATION CONFIDENTIAL



CONFIDENTIAL
NAVORD REPORT 2932

A 4

E-4Q

E-4

.0 4

t 4

SECURITY
INFORMATION CONFIDENTIAL



CONFIDENTIAL
NAVORD REPORT 2932

:4 0-

000



CONFIDENTIAL
NAVORD REPORT 2932

#~ -Af

p ,

4 -

FIG. 20 ROUND NO. 4 OF 1K 18 TORPEDO TEST. BASE PLATE WITH
REMAINS OF IAK 2 BOOSTER CAN AFTER PARTIAL DETONATION.
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CONCLUSIONS

31. The conclusions shown in the body of the report are that:

(1) Feeble detonator action is the probable cause of the low oraw.
actions observed.

(2) The feeble detonator action is the result of deterioratit...
the mercuric fulminate base charge.

(3) The sand test is useless in detecting such deterioratlun

RECOMENDATIONS

32. It is recommended that:

(1) All Mk 8 Mod 3 detonators be replaced by Mk 8 Mod 4 d(ktonators.

(2) That all other mercuric fulminate detonators be c rlaced.

(3) That, as suggested by others, a method be devised to fasten the
booster to the exploder mechanisms. It is hardly worth while to test
this in full scale tests since an excessive number of trials would be
necessary to raise to a reasonable level the probability of conditions
under which the device would be useful.

(4) That a Jaundiced eye be cast upon sand tests as a means of
detonator evaluation.

(5) That efforts to devise a more si&nificant test of detonator
output be accelerated.

29
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P.O. Drawer 6, Ft. Monroe, Va. 1

Commanding General, Aberdeen Proving Ground, Aberdeen, Md. 1
Director, Ballistic Research Laboratories, Aberdeen, Md. 2

Director, Woods Hole Oceanographic Institute, via InsMat
Boston 10, Mass. 2

U. S. Bureau of Mines, 4800 Forbes St., Pittsburgh 13, Pa.,
Att: Dr. Bernard Lewis 2

Chief of Ordnance, Department of the Army, Research and
Development Div., Wash., D.C., Att: ORDTQ 2

Office, Chief of Ordnance, Department of Army, Wash., 25, D.C.
Att: ORDTA - Mr. S.S. Podnos, Att: ORDTA, Dr. L. R.
Littleton 2

Commanding Officer, Engineer Research & Development
Laboratories, Ft. Belvoir, Va. 2
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Cmmanding Officer, Picatinny Arsenal, Dover, N.J. 3
Att: Am Dev. Br. A. FUze Section I
Att: Aom Dev. Br. B. Bob, Mine & Grenade Section 1
Att: Atm Dev. Br. B. pjsical Res. Sec. 1
Att: Alm Dev. Br. B. pyrotechnic Sec. 1Att: AMM Dev. Br. B. Cbmical Res. Sec. 1
Att: Library IDirector, Applied Physics Lab., Johns Hopkins Univ., Silver
Spring, Md. via InsOrd silver Spring, Md. 1Chief, Naval Operations, Wash., D.C. 3Hercules Powder Co., WilmingtOn 99, Delaware, Att: Dr. JuliusRoth, via InsMat Phila., Pa. 1Hercules Powder Co., Att: Mr, Scherrer, Port Even, N.Y., viaInsMat Kingston, N. Y. 1Beckman Instruments Inc., Pasadena, Calif., via InsMat Los
Angeles, Calif., Att: Dr. D.D. Taylor, Jr. 1Ccouanding General, Ordnance Ammunition Center, U.S. Army,
Att: ORDLY-R, Joliet, Illinois 1Los Alamos Scientific Laboratory, Los Alamos, New Mexico,
Att: Dr. D.P. MacDougall 1Att: Dr. L.C. Smith, via Insat Los Angeles 15, Calif. 1National Fireworks Ordnance Co%-P. , West Hanover, Mass.
Att: Mr. S.J. Porter, via InsMat Springfield, Mass. 1CiMIanding Officer, Naval Mine Depot, Yorktown, Va. 1Ccomnanding Officer, Naval Powder Factory, Indian Head, Md. 1A. D. Little Inc., Cambridge 42, Mass., Att: Dr. W.C. Lothrop,via InsMat Boston 10, Mas$- 1Commander, U. S. Naval Proving Ground, Dahlgren, Va.A&P Laboratories, Att: Dr. H.E. Romine 1Commanding Officer, Naval Underwater Ordnance Station,
Newport, Rhode Island 2Att: Mr. Walter Kamph 1Att: Dr. Bartlett 

ICcmmander, Naval Ammunition & get Depot, Quality Control
Laboratory, Seal Beach, Calif. 1Comander, Naval Ammunition Depot, Hawthorne, Nevada 1Ccmnander. Submarine Group, Peasl Harbor, T.H. 1Ordnance Off~c, , Submarine GroP, Pearl Harbor, T.H. I
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